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�Outline

�Motivation

�TwoCaseStudies:

1.NP!t�t6ET

2.NP!t�t,mt�t�severalTeV

briey,seeLisaRandall'stalk.

�Conclusion

Workinprogress,resultspreliminary.



Motivation:

�Naturalness:
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h=�
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WithintheSM,largestquadraticallydivergentcorrectionto
Higgsmass.

Naturalness�!\toppartner",Mtop�partner���TeV

Signatureoftoppartnerofteninvolvetopquarks!



Motivation:

�Topisspecial:

MuchheavierthanotherfermionsintheSM.

Higherdimensionaloperators!ytmaynotbe

enough.

Somethingunique(only\known"totopquark)!

�!NPsignalsinvolvetopquarks



Detailedmeasurementsofthepropertiesofthetopquark,
suchasitsmass,productionanddecay,provideagreatdeal
ofinformation.

PrecisiontestsoftheSM,signalsofNP.
Talksby:R.Wallny,M.Kruse,andR.Erbacher

Singletop.
Talksby:Z.Sullivan,Y.Coadou



Detailedmeasurementsofthepropertiesofthetopquark,
suchasitsmass,productionanddecay,provideagreatdeal
ofinformation.

PrecisiontestsoftheSM,signalsofNP.
Talksby:R.Wallny,M.Kruse,andR.Erbacher

Singletop.
Talksby:Z.Sullivan,Y.Coadou

IwillfocusonNP�!t�t+....

Di�erenteventtopology.

Di�erentkinematics.

Newexperimentalchallengetodiscover/understandthem.



�Case1:t�t+6ET

Highlymotivatedfromnaturalnessproblem

ToppartnertypicallyhasSMquantumnumbers,couplestotop.

Additionalingredient:

discretesymmetry!removalofunwantedoperators

EWPT,darkmatter,protondecay...

�!EndproductofNPdecayisstable,e.q.,AH.

�!t�t+6ET



TypicalExamples:

1.~tinlowenergysupersymmetry

~t!t+LSP

2.T0(oddunderT-parity)inLittleHiggsmodels�.

T0!t+LTP(AH)

Similarsignature,KK-topinUEDy.

Pairproductionof~torT0�!t�t+6ET

�H.C.Cheng,I.Low,LWhep-ph/0510225
yT.Appelquist,H.C.ChengandB.A.Dobrescu,hep-ph/0012100



Rate�
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Searchingfort�t+6ET

�Hadronicchannel:b�bjjjj�nalstates�y.

�Wefocusonthesemi-leptonicchannelb�bjj`�

Cleaner,isolatedlepton,lessjets.

Weareexploringavarietyofkinematicalcuts.

Wealsowanttounderstandthedependenceofdiscoveryreach
onmassspectrum.

�P.MeadeandM.Reece,hep-ph/0601124
yAspecialcasehasbeenstudied:S.Matsumoto,M.M.NojiriandD.Nomura,hep-
ph/0612249



Ourbenchmark:

Fermionicpartner,T0.MT=1TeV.

Decay:T0!t+AH.

Lookforlarge6ET

Potentialbackgrounds:

1.t�t!b�b+jj+`�.(Hugerate.)

2.t�tZ(!��)(\irreducible")

3.W(!`�)bbjj.



SMbackground
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Othervariables?Forexample:Me�=
P

jPTj+6E
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Kinematicalfeatures?
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��betweenthadronic
andtheplaneof(`;b)
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levelofO(1)



SMbackground:summary

Dominantbackground:missingenergytailoft�t

t�tZcouldbecutawaybyrequiring6ET>300�400GeV.

W(!`�)bbjjtypicallygives6ET<100GeV,negligibleafter
imposingcutson6ETfort�tZ.

Themostdi�cultcaseisMT0�MAH�mt.

Canwedobetter?

Wehavenotusedthefactthatwecanreconstructtops
intheSMt�tproduction.



Reconstruction

SM:t�t!b�b+jj+`�
�Using6pT,andm�=0,mW,wecansolveforp�.
�Removeambiguitybymhad

t�mlep
t,and/orminimizing

j(mhad
t;mlep

t)�mtj.

�mlep
twillhaveapeakaroundmtwhosewidthdeterminedbythe

resolution.



Reconstruction

SM:t�t!b�b+jj+`�
�Using6pT,andm�=0,mW,wecansolveforp�.
�Removeambiguitybymhad

t�mlep
t,and/orminimizing

j(mhad
t;mlep

t)�mtj.

�mlep
twillhaveapeakaroundmtwhosewidthdeterminedbythe

resolution.

Forsignal:
�Wewillassume(wrongly)that6ETisfrom�,anddothesame
reconstruction.
�Wrong,(often)imaginarysolutions!signal!.

Takeallb�bjj`+6ETevents.

Reconstruction

Plot,forexample,mlep
tonthecomplexplane



Reconstruction:

MT0=1TeV,MAH=200GeVSM
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Roughestimates:requireRe(mt)>500GeV,Im(mt)>200GeV.

Signal:�10-15fb,background:1-2fb.



Reconstruction:

MT0=1TeV,MAH=800GeVSM
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Thenearthresholdcaseisstilldi�cult.Small6ET...



Case2:NPresonances!t�t�

topiscomposite�!topisheavy

Othercompositestates(KKgluon,KKW)dominantlydecay
intot�t.

Bumpsearching.
�K.Agashe,A.Delgado,M.May,R.Sundrum,hep-ph/0308036



SingalvsSMt�t,
p
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Challenges

1.SMt�thaslongtailinmt�t.

2.Widerresonances,��0:2M.PDFdistortstheshapeofresonances.

3.EWPTtypicallyconstrainsthecompositestobequiteheavy�3TeV�.

�!Veryenergetictops

Reconstructionoftopsbasedonisolatedobjectsislikelytofail.

�K.Agashe,A.Delgado,M.May,R.Sundrum,hep-ph/0308036



Collimation:inthewindowofjmt�t�Mj<500GeV.
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��R=0:4.

�Formt�t>3TeV,>90%
eventswithatleastonetop
fullycollimated.

�Largefractionofevents
\2-object"-like.QCDb�b,jj
background.



Findcollimatedtops

Treatthemasjets�.

Someleptonisolation,hardcutonjetpT.Lostevents.Discovery
possible.

Weshouldtrytodobetter.

Comprehensivestudyof2,3,4objectcases,withdi�erentback-
grounds,necessary.

Energetictops!massivejets,withsomesubstructuresy.

Howwellthiscanbedistinguishedfrom,saymassiveQCDjets,
demandsmuchmoredetailedstudy.

�K.Agashe,A.Belyaev,T.Krupovnickas,G.PerezandJ.Virzi,hep-ph/0612015
yWWscattering.J.M.Butterworth,B.E.CoxandJ.R.Forshaw,hep-ph/0201098



�Conclusion:

Topsectorisoneofthemostprobableplacefornewphysics
toshowup.

Importanttostudytopaspartofthe�nalstatesfromNP,
bothfordiscoveryandinterpretation.

Topwithotherstu�:t�t6E,t�t+(leptons,jets...)

Energetictops,mt�t�severalTeV

...

Needacomprehensivetop�nder!



�backup



SingalvsSMt�t,
p
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SingalvsSMb�b,
p
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CollimationasafunctionofpT
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�pTcutforcestopstobe
morecentral.



LeptonIsolation
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�Maybeonecangoto
smaller�R,ormorede-
tailedanalysis,but...


